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A Hgh Performance Distributed Mutual Exclusion Algorithm
Based on Cyclic Coding

LI Mer- an, LIU Xir song, WANG Zheng
(8010 R&D Group, University o Electronic Science and Technology of China, Chengdu, Sichuan 610034, China )

Abstract: I’ s very important to use a fair and easy implemertation distributed mutual exclusion algorihm to ensure the data,
logic and time consistency of a distributed system. Ex cept the Lamport, RA and N %% algorithm, all the other distributed mutual exclir
sion algorithms brought forward fommerly are fair only when the number of the system sies is peculiarly related on the sites number of
the quorum. I’ s not fair in most instances. And there are some coniradiction in synchronization time, message complexity and fault tot
erance. A new digributed mutual exclusion algorithm has been proposed that is based on cyclic coding in this paper.This algorithm can
reduce the message complexity to O (2 JW) and 5 far to any scale dstributed system. And the synchonization time has been re
duced to T and the fault sites tolerance can be N- 1.

Key words:  cyclic coding; distributed; mutual ex clusion

O(IN).

1
. [4~ 12].
s [13,14],
, [15, 16]. ,
40 ,
. Lanr Maek awa [3 .
porit !, Richard& Agrawalal 2 Maekawal® . Lamport N=m(m- 1)+ 1
(Logical Timestamp) , m(m- 1)+ 1- N 2N- ((m(m-1)
, +1) m(m- 1)+ 1- N
. Richard&A grawala 2N- ((m(m-1)+1) m(m- 1)+ 1- N ,
[3] >
s 2
(N- 1) .Maekawa (Quorum) , . N=m(m- 1)+ 1
13 T :

12004 11 08; : 2005 01- 30



1398 2005
2 /[N, 0(2.JN). 101100001000, i+ 1
; N=m(m- 1)+ 1 ; 010110000100. ,
. Luk [13] 0 . 0
. ) 1
, 0(J2[N).
[17] )
O(JN) , D N ;
4 111 , Maek awa [3] . 4
, 111 , (Y
. WEE [18] 2
. 0 2 (2 )
(N®8), [17] ; )
; , i 1.(3)
) . ) (4
, N 5 n
1.
4 (3).
2
N, 0 N-1 . . 0 0 1,
D i1 (2), 1 0
. , 0
, 1 1. 1
; (2). .
(2), i
0
, i
3 (2).
, 0 n 1, 1
0 1,
7 -1 0
0 1 N-1 )
7 1 (1 N-1)
[17, 18] ) 1 , 1
1. ,
, (4).
. , (1),
1. 2
N N 0 2 s N i
, ; i- 1 , B (1<k< i)
D .1 .0 i~k ; (1),
, 101100001000 12 i (1Si<N-1) 0
. 1,3,4,9 4 1

(1) i (1<i< N- 1) 0



1399

eREEEEERRERH

FEEEEEEREEEE

FEFER

(. B

QOOOOOOCOOOOOOO™
COOOOOO0OCOOoO—D
COOQOOOUOOODO—OD
COCOOOOOCOOO~OOD
COOOCOOCOOO—~OOO0
COO00OCO0O=00000
OO0 OC000C
COO0OCCOO—~OOCOOO0
COCOOOO~OOOOOCO0
CCOVCO—OQOOOQR00O
OO
OCOoO=OOOOOOOO0O0
COOmCOOOOOOO000O0
[=Y=T0Y. I=T-1-1
O—OOOOCOOOOODOOOD
—_OPUOLOLOCOLOOO0

\ _J

=4 =1

=) =
-
= —_— —
M«ll
o
-
N
- 1
- =
o —
-~
< - o
— —
)
01
- —
— —
—
o o

B2 &%

i+

([ )

COOOOOOOOOCOOCOO——
COQUOOCRVOOCRCO——O
COVCCLOOCOCOO~—0C
COCCLOCCOOO~=—O0C
COOO0OCOOOO™™0O0CDD
COO0OQOOOC=OQ00C0
[=J=J~"o=]=l= [=lolyl=l=l=lT= 1=
COOCOOO——O0o00o0Do
COSOCO==00000000
COOCO——QORDOOCDO
COUS——OOCOTOCOOC
COQO=m=OCOOOOO0000
QOm=OOCOO0OO0O0000
OmmOOCOOOCOOOO0C
—=—COO0O0OOOOO0O0O
—~o00O0COOOOOOOOO

_ J

N* N

Ay.

i

by, 4

E3 |

N- 1. Ay

0

Ay

@

.

.mOOO.IOOOI.OOOlOll
OO0~ COO=DOO— Or=rir
OO0 OO~ C S
CS=POO= OO OO
—-000=QOC— O —=—OO0O
CQOmOQO=Ormm QOO =
OOC=OCO mOmrmmOOO=~O
CmOOO™~OmmmQOO—O0O
—OOO=———O00=OCC
OO Crm OO —OOO—
QOO =Ooo—POO—=O
CrO———OOCo—OoO—00
= QO OO=000 =000
Cmme—OQOOCRO=C0O0™=
———OOO~O0O=-O00=—0
_—_—_ OO~ OO0~ OO OO —

\ J

= =
< <
o
o
- S~—
. < <
&
1l
= =&
=
= I
= =
N
< .
— Z
—
3
o <t

B4 BAP
Ay,

(2)  agp=1,
to= 1;

s

1,

ag;

44

(3),

t;=0,

s

16

N=

16

110100010001 0001,

s

Maekawa

5.

4

1

0 N-1
a g =
As\“j

ap=1
j+ 1

10100011000000010,
Ay
Ay, Ay

Ayj,

Maekawa

RS

[ )

COOCOOOIIDOOoOC0
COOO0COOoOROOSO0C
SOOOOTOSOOOOODOC
SOOCOCOCOOOOODOC
[=1=1=1—]

COCOOLOCOVOOIOOS
OOCOOOOOOLOCORO0
COCOODOCOOSOOO0C
OCOCOODOOODOCODOC
COCOOROPORCCCOCO
COO0O0OOOOCOOR0OC
SOoOODOOOOOOO000C
COOCOOOOCOOOTOOD
COCOOOOSOVOOCOCO
COCOOVOOIVSOOOCC
COCOCOROODOOCO0O

\ J

B 1 PR



1400 2005
(b) REQ; REQ;,
TRANS. REP;, REQ;, ;
S (¢) ROQ; REQ;, REQ;
Mak awa , , Check- R- quorum(REQ; ) = 1, REQ;
, ) , , s ; Check- R quorum
Lamport , (REQ; )= 0, REQ, Rset;
> REQ;, ; REQ; > REQ;
. , REQ;
51 REPLY;,
. (REQUST) , ) REQ;
( REPLY) , (TRANS- REP) , (RELEAS) . (a) RQ; REQ,, REQ; s
REQUST RELEAS Mak awa , REQ; RQ; ,
. REPLY M akawa , , REQ;
REPLY , REPLY RQ;.
» RERLY (b) RQ: REQ;, REQ;
(TRANS. REP) , , ,
REPLY , Makawa (c) REQ; , (d), REQ;
REPLY , REPLY , REQ; REPLY;.
, (d) Check_ R_ quorum (RHQ; ) = 1,
: REQ; ; T
TRANS_ REP . TRANS_ REP (e) REQ; Rset; ,
REPLY TRANS. REP , Rset; REQ;, ,
TRANS_ REP REPLY , (f).
TRANS_ REP REPLY (f) S;
, s Rset;, REQ; s Rset;
REQ; REQUST;, ;
5.2 .S
, (REQ), . ()
(RQ), ( Quorum) , ( Rset). (5 REPLY;
) , (a) RQ; REPLY; REQ;, REPLY ;
; REQ;
0, , REQ; ,
1, .
53 (b) RHQ; Rset;
5 (¢c) Check- R- quorum( REQ;) = 1, R
, , (5).
. (d) REQ; , REQ;
(@)) Check- R_ quorum( REQ;) , s s
REQ; Rset; (e)  REQ; Rset; ,
, , Check- R- quoum(REQ;) Rset; REQ;,
1 0.
(2) REQ (f) Si
(a) REQ:, REQ; RQ: Rset;, REQ; , Rset;
REQ; REQUST;, >
(b) Si Quorum;, .S
REQ; Rset;, Quorum; . (f)-
REQUST;, REQ; , (6) TRANS. REP;
3 REQ (a) TRANS_ REP; REQ,, Rset;
(a) REQ:;,, .RQ= O,



8 1401
(b) Check- R- quorum( REQ; ) = 1, , 1
(d). 1
(c) REQ; ; REQ; N |7 ||a|3t|s|s5]|5B]|o|t1|133] 157 | 18
) ) ) JN|3]4]5s 7 (8o fwofin]|12] 13| 14
Q63
(d) REQ; Reet, 7 N 4167 n|{B|5|18f20(22| 25 | 27
Reet, REQ;, s /v 6|8 |w0|n|ulie]|w]|20|22]24] 26 | 28
Jv |45 9o fu|rfizfis|ie]| 18 | 19
eyclic | 3 | 5 9 [1B|14|15]19] 20 | 22
Si
R (e) RE R N 211|241 |273|307 |343 | 381 | 421 | 463 [507 [700| 1000 | 1200
setis 0 ’ seli Jn lislie|m s |o|o]2]2]2a]27] 33 | 36
REQ; REQUST;, , Nee [30]32]35 [8 4[4 ]46 4851 ]63] 78 | 88
.S 2 JN[30[32]34 [36 |38 |40 4|44 ]46]53] 64 | 70
. (o). Jov |21 22232526282 [30([32[37] 45 | 49
%) RELEASE; cydic | 24 |26 {28 [ 31 {32 [ 35|37 [40 [41]|50] 63 | 68
(a) REQ; 1 , N (N< 73),
NS 2N NI N ,
(b) RQi REQ;. 2 /N
(c) REQ; . (d), REQ; .
(f)- , )
(d) Check- R- quomum ( REQ;) = 1, Im.
REQ; . . (e) 6m.
(e) REQj Rsetj ,Rsetj ,
REQ;, (g)- 02.JN). J2n . J2N
) REQ; ; , g JN J2N ,
REQ; REPLY;,
(g) S; 2 JN , ,
Rset ;, REQJ N Rset;
REQ; REQUST;, . 02 IN), [2v 2 /N
. (8)- 62
(8 ,
S, RA .
) , Lamport
, Maekawa
(
, T. ) ,
6 ( ) ,
T. Maekawa
, ( . ) ;
s 2T.
63
61
m,
km, k Maek awa

3m—- Sm.




1402 2005
s s distributed mutual exclusion algorithm [ A]. Qualt ty Software, 2001.
Proceedings. Second Asia Pacific Conference on[ C]. IEEE, 2001. 357
Lampont s - 366.
[10] Jiannong Cao,Jingyang Zhou. An efficient disributed mutual exclusion
| algorithm based on relative consensus voting[ A ]. Pamallel and Dis
’ tributed Processing Symposium[ C] . IEEE,2004. 51.
’ [11] R Baldoni, A Virgillito. A distributed mutual exclusion algorithm for
’ mobile adhoc networks [ A]. Canputers and Communications, Pro-
’ ceedings. ISCC 2002. Seventh Intemational Symposium on[ C]. IEEE,
: N- 002, 539- 544.
L. [12] T Harada, M Yamashita. Transversal merge operation: a nondominated
coterie corstruction method for digributed mutual exclusion| J] . Parak
7 lel and Distributed Systems, IEEE Transactions on, 2005,2( 2) : 183—
192.
[ 13] S Rangarajan. A fault tolerant algorithm for replicated data manage
, Lampont ,RA NO-63 ment[ J]. IEEE Trans Parallel and Dstributed Sysems, 1995, 6( 12) :
1271- 1282.
’ [14] M Bearden. A fault tolerant algorithm for decentralized orr line quorum
’ adaptation[ A] . FaultTolerant Computing, 1998. Twenty Eighth Annual
’ ’ Intemational Symposium on[ C].1998. 262— 271.
[ 15] C Guohong. A dehy- optimal quorunt based mutual exclusion algorithm
’ > T, N for digributed systems[J]. IEEE Trans Parallel and Dstributed Sys
- L ’ tems, 2001, 12( 12) : 1256~ 1268.
[16] C Guhong. A delay optimal quorunr based mutual exclusion scheme
with fault tolerance capabiliy| A]. Disrbued Canputing Systems,
Proceedings. 18th International Conference on[C]. IEEE, 1998.444-
[ 1] L Lampot.Time, clocks and ordering of events in distrbuted sysems a1
[J]. Comm ACM, 1978, 21(7) : 558— 565. [17] War Shing Luk. Two new quorum hased algorithms for distributed mur
[ 2] G Ricat,A K Agravah. An optimal algorithm for mutual exclusion in tual exclusion| A]. Distrbuted Computing Systens. 1997, Proceedings
computer networks| J] . Communications of the ACM, 1981, 24(1) : 9~ of the 17th Intemational Conference on[ C]. IEEE, 1997. 100- 106.
17 [18] W K Ng, CV Ravishankar. Coterie templates a new quorum construc
[ 3] M Maekawa.A /N algorithm for mutual exclusion in decentralized sys tion method[ A] . Distributed Computing Systems, 1995, Proceedings of
tems[ J] . ACM Trans Computer Systems, 1985, 3(2) : 145— 159. the 15th Intemational Conference[C] . IEEE, 1995.92- 99.
[ 4] JHelary. A general scheme for token and tree based distribut ed mutual
exclusion algorithms[J]. IEEE Trans Parallel and Distrbuted Sysems,
1994,5(11) : 1185- 1196.
[ 5] M Naimi. An improvement of the Log( n) distributed algorithm for mu , 1973 ) s
tual exclusion[ A]. Proc. Seventh Int’ 1 Conf. Digributed Computing s - E
Sysem| C]. IEEE, 1987. 371- 375. mail: Limeian@ sohu. com.
[ 6] K Raymond.Tree based algorithm for distributed mutual exclusion[ J] . £ ;
ACM Trans Computing Systems, 1989, (2): 61— 77.
[ 7] A Kumar. Hierarchical quorum consensus: a new algorithm for manag
ing replicated data[J]. IEEE Trans Computers, 1991, ( 9): 996 -
1004.
[ 8] Y C Kuo, ST Huang. A geometric approach for constructing wteries , 1940 s , s
and k-coteries [ J]. IEEE Trans. Parallel and Distibuted Sysems,
1997, 8(4): 42— 411.
[ 91 K Ogata, K Futatsugi. Formally modeling and veifying Rican& Agrawala



